Galantamine is approved by FDA for the treatment of mild to moderate Alzheimer's disease. 1 Razadyne ® (formerly Reminyl ® ) and Nivalin ® are licensed drugs of galantamine, currently available in the market. 2 This drug inhibits actetylcholinesterase enzyme reversibly and act as allosteric modulator of the nicotinic cholinergic receptor. Interaction potentiates cholinergic nicotinic neurotransmission by modulating ion channel activity in the presence of acetylcholine. [1] [2] [3] [4] This drug provides the requisite cholinergic stimulation without producing desensitization. Furthermore, galantamine appears to be more powerful elevator of frontal cortical dopamine levels compared to other cholinesterase inhibitors such as donepezil.
INTRODUCTION
Galantamine is approved by FDA for the treatment of mild to moderate Alzheimer's disease. 1 Razadyne ® (formerly Reminyl ® ) and Nivalin ® are licensed drugs of galantamine, currently available in the market. 2 This drug inhibits actetylcholinesterase enzyme reversibly and act as allosteric modulator of the nicotinic cholinergic receptor. Interaction potentiates cholinergic nicotinic neurotransmission by modulating ion channel activity in the presence of acetylcholine. [1] [2] [3] [4] This drug provides the requisite cholinergic stimulation without producing desensitization. Furthermore, galantamine appears to be more powerful elevator of frontal cortical dopamine levels compared to other cholinesterase inhibitors such as donepezil. 1 Galantamine exerted neuroprotection on neuronal cell cultures subjected to oxidative stress or amyloid beta (Aβ) stress. Neuroprotection in rat hippocampal slices subjected to oxygen and glucose deprivation followed by a reoxygenation period was also demonstrated by galantamine. Galantamine also act as a neuroprotective agent in vivo model of global cerebral ischemia, even when given after the ischemic insult. [5] [6] Galantamine was firstly isolated from snowdrop, Galanthus woronowii.Generally Amaryllidaceae plants including Narcissus, Galanthus, Lycoris and Leucojum species are used for extraction of galantamine. Leucojum aestivum is known as the main source of this compound. Narcissus species also contain galantamine in varying amounts from trace amounts to as much as 2.5% of dry weight. Synthetic methodsfor production of galantamine has been developed however due to high cost, plantsarestill main sources for galantamine production. 7 Galantamine content of Amaryllidaceae plants were investigated by different high performance liquid chromatography (HPLC) methods. 7 Isocratic solvent system consisting of acetonitrile:methanol:water (containing 7.5 mM triethanolamine, pH 6.9) mixture as mobile phase was used for detecting of galantamine on RP-C8 column in L. aestivum. 8 In another study which was conducted on L. aestivum, acetonitrile:methanol:buffer pH 4.5 (10:10:80) mixture was used for elution on RP-C18 column to determine galantamine amount. 9 Lubbe et al. also reported HPLC analysis of galantamine in Narcissus pseudonarcissus on C18 column u n c o r r e c t e d p r o o f using 10% (v/v) acetontrile in water containing 0.1% TFA as mobile phase. 10 Galanthus elwesii was also analyzed for its galantamine content by using the mobile phase comprised TFA:water:ACN (0.01:90:10) mixture on RP-C18 column. 11 13 Sternbergia species are well-known due to their alkaloid contents i.e. lycorine and galantaminewith interesting pharmacological properties. [14] [15] Alkaloids including lycorine, homolycorine, haemanthidine, haemanthamine, 6α-and 6ß-hydroxy-haemanthamine and tazettine have been isolated from Sternbergia species. [14] [15] [16] [17] [18] It has been reported that Sternbergia species contain especially crinine-type and lycorine-type Amaryllidaceae alkaloids. 13 In order to investigate new sources for galantamine, Sternbergia species were investigated by using HPLC in current study. S. lutea, S. sicula,S. fischeriana, S. clusiana and S. colchiciflora which were collected from different locations of Anatolia were analyzed using HPLC.
Isocratic system was developed and used for HPLC analysis. Galantamine which was isolated from S. fischeriana bulbs previously was used for quantification ofS. lutea, S. sicula,S. fischeriana, S. clusiana and S. colchiciflora for their galantamine contents.
EXPERIMENTAL

Plant Materials
Sternbergia species were collected from different parts of Anatolia as shown in Table 1 .
Voucher specimens are kept at the Herbarium of Ankara University, Faculty of Pharmacy with their herbarium numbers ( Table 1) . was subjected to further separation by preparative TLC on precoated TLC sheets (Merck 5744) eluting with CHCl3:MeOH (85:15) to obtain galantamine (5.04 mg). 19 Structure of the isolated compound was eluciadated by 1 H-NMR and comparison these data by literature. [19] [20] [21] [22] [23] Galantamine: 1 
Isolation of Galantamine
Preparation of standard and sample solutions
Standard stock solution was prepared as 1 mg/mL. Galantamine was weighed in 10 mL volumetric flask and dissolved in as prepared by dissolving 10 mg of galantamine in 10 mL of 1% H2SO4. Different concentration levels (0.025 mg/mL, 0.05 mg/mL, 0.075 mg/mL, 0.1 mg/mL, 0.2 mg/mL, 0.3 mg/mL, 0.4 mg/mL) were prepared by diluting the stock solution. 
Limit of detection and quantification
Limit of detection (LOD) and limit of quantification (LOQ) were established at a signal to noise ratio (S/N) of 3 and 10 respectively. LOD and LOQ concentrations were experimentally verified by six injections of galantamine. The precision of the method (intra-day variations of replicate determinations) was checked by injecting galantamine nine times at the LOQ level.
RESULTS AND DISCUSSION
In present study Sternbergia species were investigated for their galantamine contents.
Previous studies reported that galantamine was isolated from S. lutea, S. sicula, S. fischeriana, S. clusiana and S. colchiciflora. However any Sternbergia species growing in Turkey has been reported that do not contain galantamine. In addition galantamine has not been determined any Sternbergia species growing in Turkey. 13, 24 This study has led to the isolation of this compound from the bulbs of S. fischeriana collected from Antakya-Yayladağ province.
Additionally, current study describes the development of a method for identifying and quantifying of galantamine in Sternbergia species. Good separation and determination of this compound was achieved using mobile phase consisting ammonium carbonate and acetonitrile (85:15 v/v) on a Supelcosil LC-18 column (250 × 4.6 mm x 5 µm) at the wavelength 292 nm as shown in Fig. 1 and Fig. 2 .
LOD and LOQ values were determined as 7.5 µg and25 µg respectively. Table 2 shows the wavelength measured, the calculated calibration curve, the LOD and LOQ results for this compound. The precision of the method expressed as the RSD % at the LOQ level, was % for galantamine.
Presence of galantamine in S. lutea ssp. lutea, S. lutea ssp. sicula, S. candida, S. fischeriana and S. clusiana was analyzed quantitative and qualitative by HPLC. Current study results, as shown in Table 3 , have revealed that all plant samples contain galantamine and the highest content was determined in S. lutea ssp. sicula (0.0165±0.0002% dw) followed by S. lutea ssp. lutea (0.0100±0.0005% dw). According to the previous studies Galanthus woronowii and Leucojum aestivum contain 0.003-0.506% and 0.0028-0.2104% galantamine respectively. [25] [26] The galantamine content ranged from 0.05 to 0.36 mg/g dw in the bulbs of G. nivalis and from 0.3 to 0.033 mg/g dw in the bulbs of N. tazetta samples which were collected from According to the Petruczynik et al. different extraction procedures such as maceration, extraction in ultrasonic bath and extraction in ultrasonic bath following maceration allowed to yield different amounts of galantamine. Galantamine content in L. aestivum was determined as 0.0196 mg/mL, 0.0273 mg/mL and 0.0949 mg/mL respectively which were applied to mentioned extraction procedures. Ultrasonic bath following maceration induced relatively in high amount of galantamine extraction. In the same study the highest amount of galantamine was determined in L. aestivum roots with 2.3524 mg/g dw followed by leaves with 1.6611 mg/g dw. Zephyranthes rosea bulbs and Clivia minata leaves as well as roots were found to contain galantamine as 0.8384 mg/g dw and 0.1489 mg/g dw, 0.0284 mg/g dw. All parts of the G. nivalis galantamine content varied from 0.0003 mg/g dw to 0.0178 mg/g dw. 12 G. elwesii samples collected from two different location from Turkey, İzmir and Karaburun, contain 0.026 % and 0.007 % galantamine respectively. 11 Amount of galantamine has also been varied from 2.36 mg/g dw to 3.32 mg/g dw in the N. pseudonarcissus bulbs which were collected from Netherland. 10 According to our results galantamine content of the Sternbergia species was lower than L. aestivum when compared. Current study results have been revealed that Sternbergia species are not valuable sources for galantamine extraction. Differences in galantamine content of all investigated species could be explained by the existence of chemotype. Furthermore a number of factors such as temperature, season, stages of maturity, geographical origin, climatic conditions, soil can affect the phytochemical content of plants. [27] [28] The plants, cultivated with different conditions, exhibit an alteration in the quantity of phytochemicals and therefore display varied therapeutic effects. [29] [30] 
CONCLUSION
Present study is the first report of galantamine isolation from Sternbergia species growing in
Turkey. An HPLC method was developed for identification and quantification of galantamine 
